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SUMMARY 

A  proton  precession  station  magnetometer  and  a  rubidium  vapor  station 
magnetometer  have  been  in  operation  at  the  U.  S.  Naval  Air  Development 
Center  for  considerable  periods  since  July  1961.  Experience  obtained 
concerning  the  operational  reliability  of  these  magnetometers  when  oper¬ 
ated  for  sustained  periods  is  discussed  briefly.  Examples  are  shown  of 
rubidium  vapor  magnetometer  recordings  of  a  sudden  commencement  storm, 
a  magnetic  bay,  micropulsations  during  a  storm,  and  a  micropulsation 
storm.  Charts  from  the  rubidium  vapor  magnetometer  and  an  AN/ASQ-10 
magnetic  anomaly  detector  (MAD)  system  operating  simultaneously  on  sev¬ 
eral  occasions  are  shown.  A  separate  channel  containing  a  filter  to 
duplicate  the  AN/ASQ-10  passband  has  been  added  to  the  rubidium  vapor 
magnetometer,  and  several  records  of  geomagnetic  noise  in  this  passband 
as  recorded  by  this  instrument  are  shown. 
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INTRODUCTION 

For  more  than  a  ^ar,  personnel  at  the  U.  S.  Naval  Air  Development 
Center  (NAVAIRl^VOEN;  have  been  observing  fluctuations  in  the  earth's 
geomagnetic  field!  at  Johnsville,  Pennsylvania,  with  a  proton  precession 
magnetometei^  and  a  rubidium  vapor  magnetometer  installed  at  a  remote 
location  at  the  Center.  Ihe  purpose  of  this  foundational  research  is  to 
familiarize  MAD  development  personnel  with  the  performance  of  several 
•new  types  of  magnetometers,  with  the  various  forms  of  fluctuations  e:dilb- 
ited  by  the  geomagnetic  field,  and  with  the  effect  of  these  fluctuations 
on. MAD  system  perfomance. 


DESCRIPTION  OF  INSTRUMENTATION 


Ihe  proton  precession  magnetometer  is  operated  at  a  sensitivity  of 
approximately  70  gammas  (l  gamma  =  10“^  oersteds)  full  scale  and  at  a 
chart  speed  of  1/2  inch  per  hour.  Ihis  magnetometer,  whose  sensor  unit 


FIGURE  1  -  Sensor  Unit  and  Mounting 
Location  for  the  Rubidium 
Vapor  Magnetometer  at 
NAVAIRDEVCEN 


contains  Hexane,  serves  mainly  to 
give  a  picture  of  the  general  mag¬ 
netic  character  of  the  fleJLd  for  a 
oarticular  period,  and  because  of 
the  wide  dynamic  range  of  this 
equipment,  for  recording  major  mag¬ 
netic  "storms." 

Ihe  rubidlvim  vapor  magnetometer 
provides  a  continuous  recording  of 
the  geomagnetic  field  at  full  scale 
sensitivities  of  20,  6.7,  or  2 
gammas  at  slow  or  fast  chart  .-ipfU-is. 
Ihe  maximum  sensitivity  of  2  gamm.is 
full  scale  and  the  2-inch-per- 
minute  chart  speed  are  used  during 
special  studies  \dien  an  obsei’\’’ei'  : 
present.  For  unattended  opera 
this  magnetometer  is  operated  at  a 
sensitivity  of  6.7  gammas  full 
scale  and  a  chart  speed  of  6  inches 
per  hour. 

Figure  1  shows  the  mounting 
location  for  the  sensor  of  the 
rubidium  vapor  magnetometer. 
in  use,  the  sensor  is  covered  ;  fh 
a  thermally  insulated  box.  Ih... 
is  necessary,  in  addition  to  the 


i.  K»>r>rt  to,  IADC-AV-e220,  "Proton  Precession  Magne.toneter  as  a  Standard  at  the 
a.  s.  /aval  Air  Development  Center,"  of  M  Sep  1982 
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thermostatic  control  provided  with  the  Instrument,  to  pennlt  operation 
throui^out  the  wide  range  of  temperatures  encountered* 

The  sensing  unit  for  the  proton  precession  magnetcqneter  Is  mounted 
on  a  single  post  In  the  same  area  as  the  sensing  unit  for  the  rubidium 
vapor  magnetometer.  In  both  Installations  the  sensing  units  are  at 
least  6  feet  above  the  ground  so  that  the  effects  of  earth  currents  are 
minimized. 


RESULTS  AND  DISCUSSION 


KA(^TOMEIERS 

Electronic  maintenance  has  been  a  problem  In  trying  to  obtain  con¬ 
tinuous  operation  with  these  magnetometers.  False  readings  or  "spikes" 
have  created  the  principal  problem  with  the  proton  precession  magnetom¬ 
eter.  Proper  operation  was  obtained  only  after  considerable  modification 
to  the  electronic  counter  and  relay  damping  circuits.  Operational  dif¬ 
ficulties  with  the  rubidium  vapor  magnetometer  have  occurred  mainly  with 
the  life  of  the  rubidium  vapor  spectral  lamp,  operating  temperature 
requirements,  and  electronic  failures. 

aEGMAONETEG  STORMS 

The  magnetic  storm  is  probably  the  best-known  form  of  geomagnetic 
field  variation  idiereln  the  strength  and  the  direction  of  the  earth's 
magnetic  field  are  disturbed  an  appreciable  amount,  sometimes  as  much  as 

$00  gamaas  and  2  degrees, 
respectively,  and  remain  abnor¬ 
mal  for  several  day^ .  Figure 
2  shows  a  "sudden  coomencement" 
ma^ietio  storm  as  recorded  with 
the  rubidium  vapor  magnetometer. 
Biis  atom  began  at  0220  hours 
UT  on  22  February  1962  with  a 
suddan  decrease  of  10  gainnas 
in  the  field.  All  storms  do 
not  begin  with  sudden  changes 
as  shown  in  the  figure;  about 
half  start  gradually. 


9.  Ofvvtr,  F.,  3,  J.  md  laydm,  F.  J,,  3.  J.;  "i  Smnny  of  OoomagiuHm";  Ooorgetow 
Obstrvatoiy  MonogroFk  fo.  U,  iFatt~n~90-i89;  dStli  Fo.  iP-^87H 


FIGURE  2  -  A  "Sudden  CoamenoaaMnt" 
Magnetic  Storm  Recorded 
by  the  Rubidium  Vapor 
Magnetometer  at 
NAVAIRDEVGEN 
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FIGURE  k  -  Geomagnetic  Fluctuations  at  NAVAIRDEVCEN,  13  July  I96I, 
1800  to  1801k  Hours  UT 


Magnetic  stoims  do  not  necessarily  produce  noise  within  the  passband 
of  the  MAD  equipment^**  for  the  duration  of  the  storm,  but  are  more  apt 
to  produce  noise  on  an  MAD  equipment  during  a  phase  of  the  storm  idien  the 

"lanibook,  Strvic*  InatnicHons;  Magnetic  Detecting  Set 

8.  kflO-XASQD-S,  "Mandtook  Maintenance  Instructions;  Detecting  Set  At/ASQ-S" 
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rate  of  change  of  the  field  ie  within  the  passband.  !Ihls  Is  Illustrated 
In  figures  3  jsnd  4. 

Figure  3  shows  the  output  of  the  rubidium  vapor  magnetometer  oper¬ 
ating  at  a  sensitivity  of  20  gammas  full  scale  for  a  phase  of  a  magnetic 
storm  on  13  July  1961.  Because  of  the  storm,  the  field  changed  approx¬ 
imately  17  gammas  In  3  minutes.  Such  a  change  would  not  produce  appre¬ 
ciable  noise  on  an  MAD  system.  However,  a  cyclic  variation  having  a 
period  of  about  10  seconds  was  superimposed  on  the  main  field  change. 

Ihe  effect  of  such  variations  on  an  MAD  equipment  Is  shown  in  the 
lower  chart  on  figure  3.  Although  the  chart  speeds  are  different,  cor¬ 
respondence  is  evident,  for  example,  in  the  reduced  activity  near  l$k6 
hours.  While  these  signals  would  not  be  mistaken  for  submarine  signals, 
they  definitely  reduce  the  range  of  detection  during  the  period.  Ihey 
mlg^t  well  be  misconstrued  to  be  equipment  noise,  however,  by  fleet  oper¬ 
ating  personnel  lacking  specific  information  as  to  their  source.  Ihe 
result  could  be  -unnecessary  aircraft  "do-wn-time"  and  equipment 
maintenance . 

Figure  4  shows  a  similar  trace  from  the  rubidium  vapor  magnetometer 
later  in  the  same  storm.  Hie  variations  are  of  similar  'magnitude  to 
those  in  figure  3.  However,  the  left  portion  of  the  trace  on  the  MAD 
chart  shows  the  effect  of  a  particular  single-cycle  storm  variation  in 
the  form  of  a  single,  submarine-like,  signal  distinct  from  the  noise 
level  of  the  trace. 

GEOMAGNETIC  FLUCTUATIONS 

Geomagnetic  variations  also  exist  in  forms  other  than  outri^t  storms. 
Figure  5  shows  a  magnetic  "bay"  preceded  by  a  form  of  cyclic  variations 

in  the  field.  A  bay  is  a  simple 
form  of  field  variation,  departing 
from  the  normal  value,  reach¬ 
ing  a  peak,  and  returning  -bo  the 
normal  value  in  a  few  hours.  Diese 
bays  start  ei-ther  with  an  increase 
or  decrease  in  the  field,  and  about 
half  of  -them  are  preceded  by  the 
cyclic  effect  shown  in  figure  5. 

Figure  6  shows  the  gradual 
commencement  of  a  micropulsation 
storm,  >dilch  is  another  form  of 
geomagnetic  fluctuation.  Ihe  top 
FIGURE  5  -  Geomagnetic  "Bay"  trace  was  recorded  with  the  rubid- 

Immedlately  Preceded  lum  vapor  magnetometer  set  at  a 
by  Qyclic  Variations  sensitivity  of  6,7  gammas  full 
in  the  Field  scale  and  a  chart  speed  of  6  inches 
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per  hour.  The  storm  started  at 
about  01^30  EST  (0930  UT)  before 
the  beginning  of  the  diurnal 
variation,  and  consisted  of  a 
generally  continuous  cyclic  vari¬ 
ation  that  usually  persists  for 
hours,  although  no  magnetic  storm 
In  the  usual  sense  Is  In  progress. 
The  lower  trace  shows  the  cyclic 
characteristic  of  the  field 
recorded  at  a  sensitivity  of  2 
gammas  and  a  chart  speed  of  2 
inches  per  minute. 

Micropulsations  are  fluctu¬ 
ations  having  periods  from  less 
than  a  second  to  several  (2  to  3) 
minutes,  and  amplitudes  of  0.002 
to  5  or  10  gamma sP.  By  their 
nature,  these  fluctuations  are  of 
a  form  to  affect  MAD  equipment, 
particularly  when  their  frequencies  are  at  or  near  the  MAD  passband. 

As  the  sensitivity  of  MAD  is  increased,  this  particular  phenomenon  may 
become  more  of  a  problem. 


FIGURE  6  -  A 'Micropulsation  Storm 
Recorded  at  Slow  and 
Fast  Chart  Speeds  and 
Low  and  High  Sensitivity 
Respectively  by  the 
Rubidium  Vapor  Magnetom¬ 
eter  at  NAVAIRDEVCEN 


FIGURE  7  -  Bar  Graph  Showing  the  Number  of  Occurrences  of  Mcropulsations 
Versus  Period  for  the  Records  Obtained  Between  29  September 
and  21  November  1961 

Figure  7  is  a  bar  graph  made  from  a  preliminary  analysis  of  rubidium 
vapor  magnetometer  records  obtained  between  29  September  and  21  November 
1961,  with  the  equipment  set  at  a  sensitivity  of  6.7  gammas  full  scale 


5.  Bmioff,  B.;  "Observations  of  Oeomagnetic  fluctuations  in  the  Period  Range  0.3  to 
lao  seconds";  Jour  Oeophys  Res  fol  95,  to.  5,  May  1990,  pp  U 13- 1129 


-  5  - 


NADC-AW-62liO 


and  a  chart  speed  of  6  Inches  per  minute.  Micropulsations  of  periods 
of  UO  seconds  or  longer  and  of  intensities  of  0.1  gamma  or  greater  were 
observed.  Approximately  lUO  occurrences  were  observed  during  ^3  days. 
Ibe  graph  shows  the  number  of  occurrences  versus  the  period  of  the 
mlcropulsations .  Ihe  predominant  periods  lie  between  and  7$  seconds. 


FEGORE  8  -  Bar  Graph  Showing  the  Number  of  Occurrences  of  Mlcropulsations 
as  a  Function  of  Local  Time  for  the  Records  Obtained  Between 
29  September  and  21  November  1961 


Figure  8  is  a  bar  graph  from  tiie  same  data,  showing  the  number  of 
occurrences  as  a  function  of  local  time.  Ihe  daytime  peaks  are  evident 
immediately  before  and  after  1200,  and  a  secondary  peak  is  evident  near 
2U00.  Quiet  conditions  prevail  near  0l|00  and  2000. 


FIGURE  9  -  Charts  Rb-A,  -B,  and  -C  are  MAD-filtered  Rubidium  Vapor 
Magnetometer  Recordings,  and  Chart  AN/ASQ-10  is  an  MAD 
Chart  Obtained  Simultaneously  with  the  Rb-C  Chart 
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Recently,  a  channel  containing  an  MAD  filter  was  added  to  the  rubid¬ 
ium  vapor  magnetometer  systwn.  Figure  9  charts  Rb-A,  Rb-B,  and  Rb-C 
show  recordings  obtained  with  this  filter  In  use.  Ihe  sensitivity  of 
the  channel  was  approximately  1.3  gammas  full  scale  and  the  chart  speeds 
were  1  and  U  Inches  per  minute. 

Trace  Rb-A,  recorded  during  the  early  morning  "quiet  hours"  on 
20  October  1962  at  a  chart  speed  of  1|  Inches  per  minute,  represents  the 
minimum  observable  activity.  On  the  other  hand,  trace  Rb-B  shows  a 
hl^  level  of  cyclic  noise  In  the  MAD  passband  as  recorded  at  1;  Inches 
per  minute.  These  pulsations  occurred  during  a  phase  of  a  magnetic 
storm  on  19  October  1962. 

Trace  Rb-C  was  recorded  at  a  chart  speed  of  1  Inch  per  minute  a 
little  earlier  In  the  day  on  19  October.  The  AN/ASQ-10  record,  taken 
at  the  same  time,  shows  the  correspondence  between  the  two  charts. 

Here  again,  mlcropulsatlons  during  a  storm  are  producing  a  serious  noise 
level  that  would  limit  the  detection  range  of  the  MAD  system. 

ARTIFICIAL  DISTURBANCE 


Figure  10  shows  an  interesting  geomagnetic  disturbance  that  does 
not  represent  a  major  source  of  MAD  interference.  The  trace  shows  the 


at  Time  of  High  Altitude  Nuclear  Detonation 
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pulse  In  the  geomagnetic  field  recorded  at  NAVAIRDEVCEN  at  12  seconds 
after  0900  UT  on  9  July,  following  the  hl^-altltude  nuclear  detonation 
of  that  date.  The  top  trace  was  made  with  the  rubidium  vapor  magnetom¬ 
eter  operating  at  a  sensitivity  of  2  gammas  and  at  a  chart  speed  of  2 
Inches  per  minute.  Considerable  care  was  taken  visually  to  synchronize 
the  time  axis  with  radio  time  signals.  The  resulting  time  error  Is 
estimated  to  be  less  than  1  second. 

The  lower  trace  In  figure  10  shows  the  same  pulse  as  recorded  ly  an 
AN/ASQ-10  mad  equipment  operating  at  the  same  location  and  at  a  chart 
speed  of  3  Inches  per  minute. 

As  shown  In  both  recordings,  much  of  the  first  pulse  was  lost 
because  of  the  short  rise  time  and  high  Intensity.  However,  the  first 
and  second  waves  are  evident  on  both  traces®  .  The  rubidium  vapor  mag¬ 
netometer  trace  shows  that  the  main  geomagnetic  field  was  not  disturbed 
for  more  than  3  or  6  minutes. 


PLANS  FOR  THE  PROGRAM 

Plans  have  been  made  to  use  the  MAD  filter  channel  at  the  fast  chart 
speeds  for  special  studies  when  an  observer  is  present,  particularly 
when  MAD  flights  are  being  made  from  NAVAIRDEVCEN.  The  purpose  of  these 
studies  will  be  to  obtain  information  on  the  correspondence  between 
records  taken  in  the  aircraft  over  the  ocean  and  records  taken  at  the 
ground  station. 

The  use  of  a  dual  channel  recorder  Is  also  planned,  so  that  the 
standard  geomagnetic  fluctuations  can  be  recorded  simultaneously  with 
the  output  from  the  MAD  channel,  or  so  that  the  outputs  from  two  dif¬ 
ferent  MAD  filter  channels  can  be  compared. 

An  effort  is  also  being  made  to  keep  the  rubidium  vapor  magnetometer 
In  continuous  operation  for  prolonged  periods,  including  after-hour  and 
weekend  operation.  The  resulting  charts  should  provide  knowledge  of 
actual  "disturbed"  MAD  conditions  occurring  during  periods  of  several 
months. 

6.  Berthold,  V.  i.,:  Barris,  A,  I.;  and  Mope,  B.  J.;  "fforld  Bide  tffects  of  Bydro- 
nagnetic  Bavea  Due  to  Argus,"  Journal  of  Qeophy  Besearch;  Tol  05,  Bo.  8; 

Aug  1960;  pp  2233-2239 
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